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Top	quark	as	a	probe	of	New	Physics
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Top	quark	&	EWSB
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For	example:	in	composite	Higgs	model



Top	quark	and	EWSB
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Top	quark	gauge	couplings
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A.		Charge	current
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Top	quark	gauge	couplings
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B.		Neutral	current
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Distinguishing	the	vector	and	axial	vector	components	
of	Ztt coupling=>	different	NP	models

Top	quark	Neutral	current	&	NP
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F.	Richard,	arxiv:1403.2893

Lt:	left	handed		Ztt coupling
Rt:	right	handed	Ztt coupling
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How	to	distinguish	the	top	quark	couplings
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A,	B	and	C:	extra	dimensional	models
D,	E	and	F:	the	composite	models

E.	L.	Berger,	Q.	H.	Cao,	I.	Low,	
PRD80(2009)074020

A.	Top	quark	Spin	correlation
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How	to	distinguish	the	top	quark	
couplings

9

Other	possibility:
Q.-H.	Cao,	B.	Yan,	C.-P.	Yuan	and	Ya Zhang,	
arxiv:2004.02031

Top	quark	coupling	will	change	the	
polarizations	of	Z	boson	pair



Polarization		of	ZZ	scattering
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Both	quark	and	gluon	initial	states	are	dominantly	by	the	TT	mode
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Goldstone	equivalence	theorem	and	Unitarity

11

The	light	quark	contribution	to	LL	
mode	will	be	suppressed	

There	is	a	cancellation	between	the	triangle	and	box	
diagrams	due	to	the		Unitarity
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Energy	Dependence	in	the	high	
energy	limit:

ŝ = �t̂/2 = �û/2 � mt,mz

Axial current is not conserved for massive top quark. 

Axial	current	of	top	quark	coupling
L =

gW
2cW

q̄(vq � aq�5)�µq

E.	W.	N.	Glover	and	J.J.	van	der	Bij,	NPB321,561(1989)



Unitarity	of	Gluon	Fusion
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Energy	Dependence	in	the	high	
energy	limit:

Strong	cancelationUnitarity	+	Axial	current	is not conserved
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2
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LL	mode	is	sensitive	to	the	axial	
current	of	top	quark
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Cross	section	and	polarization
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The	axial	current	of	top	quark	will	change	the	
total	cross	section	and	LL	fraction	remarkably

How	to	measure	LL	
mode	at	the	LHC?



Polarization	of	Z	bosons	in	ZZ	scattering
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The	theoretical	calculation	
agrees	with	MG5	very	well

ZZ polarization	fractions: fL,T



Collider	Simulation@13	TeV LHC
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|⌘l| < 2.5, PT ` > 15 GeV

80 < m`+`� < 100 GeV

m4` > 600 GeV
mZZ > 600 GeV

|⌘Z | < 2.
Effectively

Detector	effects	for	the	edges
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<latexit sha1_base64="QaM/jKhCF+NAbmeuQ1s8GLJCMy8=">AAACBHicdVDLSgMxFM3UV62vqstugkVwoSUzLW3dFd24rGAf0NaSSTNtaDIzJBmhDBXc+CtuXCji1o9w59+YaSuo6IELh3Pu5d573JAzpRH6sFJLyyura+n1zMbm1vZOdnevqYJIEtogAQ9k28WKcubThmaa03YoKRYupy13fJ74rRsqFQv8Kz0JaU/goc88RrA2Uj+bc7qKDQU+hkWE0G3clQJ67vQ6PrGn/WweFU6rZadUhqiAUMV27IQ4lVKxBG2jJMiDBer97Ht3EJBIUF8TjpXq2CjUvRhLzQin00w3UjTEZIyHtGOojwVVvXj2xBQeGmUAvUCa8jWcqd8nYiyUmgjXdAqsR+q3l4h/eZ1Ie9VezPww0tQn80VexKEOYJIIHDBJieYTQzCRzNwKyQhLTLTJLWNC+PoU/k+aTsFGBfuylK+dLeJIgxw4AEfABhVQAxegDhqAgDvwAJ7As3VvPVov1uu8NWUtZvbBD1hvn9oclvY=</latexit><latexit sha1_base64="QaM/jKhCF+NAbmeuQ1s8GLJCMy8=">AAACBHicdVDLSgMxFM3UV62vqstugkVwoSUzLW3dFd24rGAf0NaSSTNtaDIzJBmhDBXc+CtuXCji1o9w59+YaSuo6IELh3Pu5d573JAzpRH6sFJLyyura+n1zMbm1vZOdnevqYJIEtogAQ9k28WKcubThmaa03YoKRYupy13fJ74rRsqFQv8Kz0JaU/goc88RrA2Uj+bc7qKDQU+hkWE0G3clQJ67vQ6PrGn/WweFU6rZadUhqiAUMV27IQ4lVKxBG2jJMiDBer97Ht3EJBIUF8TjpXq2CjUvRhLzQin00w3UjTEZIyHtGOojwVVvXj2xBQeGmUAvUCa8jWcqd8nYiyUmgjXdAqsR+q3l4h/eZ1Ie9VezPww0tQn80VexKEOYJIIHDBJieYTQzCRzNwKyQhLTLTJLWNC+PoU/k+aTsFGBfuylK+dLeJIgxw4AEfABhVQAxegDhqAgDvwAJ7As3VvPVov1uu8NWUtZvbBD1hvn9oclvY=</latexit><latexit sha1_base64="QaM/jKhCF+NAbmeuQ1s8GLJCMy8=">AAACBHicdVDLSgMxFM3UV62vqstugkVwoSUzLW3dFd24rGAf0NaSSTNtaDIzJBmhDBXc+CtuXCji1o9w59+YaSuo6IELh3Pu5d573JAzpRH6sFJLyyura+n1zMbm1vZOdnevqYJIEtogAQ9k28WKcubThmaa03YoKRYupy13fJ74rRsqFQv8Kz0JaU/goc88RrA2Uj+bc7qKDQU+hkWE0G3clQJ67vQ6PrGn/WweFU6rZadUhqiAUMV27IQ4lVKxBG2jJMiDBer97Ht3EJBIUF8TjpXq2CjUvRhLzQin00w3UjTEZIyHtGOojwVVvXj2xBQeGmUAvUCa8jWcqd8nYiyUmgjXdAqsR+q3l4h/eZ1Ie9VezPww0tQn80VexKEOYJIIHDBJieYTQzCRzNwKyQhLTLTJLWNC+PoU/k+aTsFGBfuylK+dLeJIgxw4AEfABhVQAxegDhqAgDvwAJ7As3VvPVov1uu8NWUtZvbBD1hvn9oclvY=</latexit><latexit sha1_base64="QaM/jKhCF+NAbmeuQ1s8GLJCMy8=">AAACBHicdVDLSgMxFM3UV62vqstugkVwoSUzLW3dFd24rGAf0NaSSTNtaDIzJBmhDBXc+CtuXCji1o9w59+YaSuo6IELh3Pu5d573JAzpRH6sFJLyyura+n1zMbm1vZOdnevqYJIEtogAQ9k28WKcubThmaa03YoKRYupy13fJ74rRsqFQv8Kz0JaU/goc88RrA2Uj+bc7qKDQU+hkWE0G3clQJ67vQ6PrGn/WweFU6rZadUhqiAUMV27IQ4lVKxBG2jJMiDBer97Ht3EJBIUF8TjpXq2CjUvRhLzQin00w3UjTEZIyHtGOojwVVvXj2xBQeGmUAvUCa8jWcqd8nYiyUmgjXdAqsR+q3l4h/eZ1Ie9VezPww0tQn80VexKEOYJIIHDBJieYTQzCRzNwKyQhLTLTJLWNC+PoU/k+aTsFGBfuylK+dLeJIgxw4AEfABhVQAxegDhqAgDvwAJ7As3VvPVov1uu8NWUtZvbBD1hvn9oclvY=</latexit>

A. ZZ	polarization	only	sensitive	to	
the	axial-vector	component	of	
Ztt coupling;

B. ZZ	production	is	complementary	
to	the	Ztt and	Ztj productions	in	
measurements	of	the	Ztt
coupling.

Thank	you!

L =
gW
2cW

t̄(vt � at�5)�µt

ma
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𝑂"#
(%) = 𝑖 𝜙*𝐷,𝜙 𝑞.𝛾,𝑞

𝑂"#
(0) = 𝑖 𝜙*𝜏2𝐷,𝜙 𝑞.𝛾,𝜏2𝑞𝑂"3 = 𝑖 𝜙*𝐷,𝜙 𝑡6̅𝛾,𝑡6

𝑂"" = 𝑖 𝜙7*𝐷,𝜙 t̅6𝛾,𝑏6

𝑞 = 𝑡
𝑏 :

𝜙7 = 𝑖𝜏;𝜙∗

E.	L.	Berger,	Qing-Hong	 Cao,	Ian	Low,	Phys.Rev.D80:074020(2009)



Top	quark	gauge	couplings

𝑂=3> =
𝑐"#
(0)𝑣;

𝛬;
𝑔
2
𝑊,*�̅�:𝛾,𝑏: +

𝑐""𝑣;

2𝛬;
𝑔
2
𝑊,*�̅�6𝛾,𝑏6 + ℎ. 𝑐.

𝑂H33 =
𝑐"#
(0) − 𝑐"#

(%) 𝑣;

𝛬;
𝑔
2𝑐=

𝑍,�̅�:𝛾,𝑡: −
𝑐"3𝑣;

2𝛬;
𝑔
2𝑐=

𝑍,�̅�6𝛾,𝑡6

−8×10OP ≤
𝑐""𝑣;

2𝛬; ≤ 2.1×10O0

Q.-H.	Cao,	B.	Yan,	J.	H,	Yu	and	C.	Zhang,	
CPC41(2017)6,063101
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